The effect of CN-ad (5, 28), in the present paper the effect of CNon Em is compared with the effect of anaerobiosis on leaf segments and unwounded Lemna plants.
Cyanide is often used to differentiate between the energy-dependent and energy-independent components of the E.2 in plant cells. In some aquatic plants like Nitella, E. in the dark is similar to the EK+, and CN-has no effect on Em in the dark (26) . In the light, CN-depolarized the membrane to 11 In Mnium, Em was reduced to EK+ by CN-in the dark as well as in the light (6) . In higher plants, only experiments on the effect of CN-in the nonphotosynthetic tissue of pea epicotyL oat coleoptiles, carrot, maize roots, and red beet have been reported (1, 3, 12, 15, 17) . In autotrophic tissues, energy is provided by respiration, or photosynthesis, or both. Therefore, it was important to investigate effects of CN-on Em in photosynthetic tissue under dark and light conditions in order to know the magnitude and source of energy for the energy-dependent component of Em.
Inasmuch as it is known that plant mitochondria can develop a CN-resistant respiration during wounding, aging, or inhibition of the Cyt oxidase (5, 28) , in the present paper the effect of CNon Em is compared with the effect of anaerobiosis on leaf segments and unwounded Lemna plants.
Metabolic energy supply and energy requirement change during the development of leaves (8, 27) . Therefore, the effect of CN-on Em was investigated with tissues of various plant species at different physiological age.
CN-was often supposed to have direct depolarizing effects on the plasmalemma (10, 12, 25) (18) (19) (20) (Fig. 1, A and B) . To determine if CN-abolished the total energy-dependent component of Em, cotyledon segments were flushed with N2 in the dark. Anaerobiosis resulted in a similar effect on Em as CN- (Fig. IC) . Thus, CN-completely inhibited the energy-dependent component of Em in dark and light in 7-d-old cotyledons.
In 14-d-old cotton cotyledons, in the dark CN-had a similar effect as in 7-d cotyledons (Fig. ID) . In the light, CN-had a smaller effect on Em which transiently recovered even in the presence of CN- (Fig. IE) . These Em values were reduced to ED by additional application of SHAM (Table I) 
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tissue, ie. higher rates in oxidative phosphorylation than photophosphorylation in young cotyledons. In mature leaves of the terrestrial dicotyledons K. daigremontiana, N. tabacum, and I. balsamina or the monocotyledon A. sativa, after an initial inhibition of Em by CN-, qualitatively similar repolarization of Em in the presence of CN-was observed in light in contrast to dark (Fig. 2 , A-C, and Fig. 3, B-D) . But again in young leaves of tobacco seedlings, Em did not repolarize after CN-application in the light (Fig. 3A) .
In contrast to the effect of N2 (Fig. 4D) , the Em of unwounded L gibba in the dark was only partly depolarized by CN-, even after extended incubation (more than 9 h) (Fig. 4, A and C) . The remaining electrogenic portion was still depolarizable by H+/ glucose cotransport (Fig. 4C, +glucose) . Only the simultaneous application of CN-with 1 mm SHAM, known to inhibit the CN--insensitive alternative oxidase in plant mitochondria, depolarized the membrane to a similar value as obtained under anaerobiosis (Table I) .
As in all other plants tested, the Em in Lemna was much less affected by CN-in the light. Membranes repolarized in the light with CN-still present (Fig. 4, B and C) . In sucrose-grown plants, the effect of CN-in the light was more pronounced than in sucrose-starved plants (Table I ). The (Fig. 4D) . Upon switching from N2 to air in the dark, Em recovered completely within 10 min. Low-energy plants sustained the high Em value only in the light (Fig. 4, E and  F) . In the dark, Em was similar as found in high-energy plants under anaerobiosis, thus confirming the lack of energy in these plants. Hence, in low-energy plants in light, Em must be maintained solely by photosynthesis. To determine which photophosphorylation, cyclic or noncyclic, provides the energy in the light, 10 AM DCMU was added to such energy-deficient plants. After switching light on in the presence of DCMU, Em hyperpolarized only transiently (Fig. 4E) Figure 5 , at pH 5.7 these plants maintained only a diffusion potential and CN-had no effect on Em. After removal of CN-, the pH of the perfusion solution was increased to 8, and within 2 h the membrane hyperpolarized to -210 mv in the dark. The subsequent strong depolarization by CN-proved that this membrane potential, generated by loweing the extracllular H+ concentration, was still energy dependent. At pH 8 (Fig. 7 ) in contrast to cotton tissue. But the oscillations of the ATP levels upon addition of CN-were similar to those in cotton. In the dark, ATP changes were similar to Em levelling off at about 50% inhibition. In the light in the presence of CN-, the ATP level recovered considerably more slowly than Em (Fig. 4 , B and C) within 18 h to 75% of the controL As in cotton, the initial decay of the ATP level was more rapid than the CN-induced decay of Em (Table IV) . Application of CN-+ SHAM in dark or light reduced the ATP level of Lemna to the very low value of about 15 nmol g-1 fresh weight (Fig. 7) . This suggests that in Lemna the CN-insensitive portion of the active component of Em must indeed be due to photosynthesis or the operation of a CN-resistant alternative oxidase in their mitochondria, though Lemna tissue was neither cut nor 'aged. ' Respiration. The dark 02 uptake rate was 5-fold higher in 7-d than in 14-d cotton cotyledons (Fig. 8) . It was very sensitive to CN-and was inhibited to the CN-unaffected 02 uptake rate of 14-d cotyledons (Fig. 8, A and B) . As 50% in 14-d cotyledons, whereas 02 uptake was not affected, the respiratory ATP production must be partially uncoupled and partially CN-insensitive.
The CN-inhibition of 02 uptake also in Lemna was dependent on the magnitude of respiration. In plants continuously grown on a plus sucrose medium, the respiration was 7 to 9 ,mol 02 g 1 fresh weight h-' (Fig. 9) . In these plants, CN -had a strong effect of more than 60% inhibition. With decreasing respiration rate due to prolonged growth without sucrose, the CN-inhibition became smaller and finally, when the rate of 02 uptake was less than 2 pmol g-' fresh weight h-', it was even stimulated by CN-. SHAM together with CN-completely abolished 02 uptake (Table I) . SHAM alone had no effect on respiration, Em, or the ATP level. Photosynthetic 02 Evolution. COrdependent photosynthetic 02 evolution rates were similar in 7-and 14-d-old cotton cotyledons, being saturated at 0.5% CO2 (Fig. IOA) . At 0.03% CO2 in 7-d cotyledons, the rate was lower than the respiration rate, thus resulting in a shift of the compensation point to a higher CO2 concentraton (from 0.01-0.04% C02; Fig. 10 , A-C in comparson with trace E). In cotyledons ofboth ages, 02 evolution was rapidly affected by CN-, at low (0.03%) and at high (1%) CO2 concentrations (Fig. 10, C-E) . After switching the light off, 02 uptake increased, suggesting that the C02-dependent photosynthesis was not completely inhibited by CN-.
Also, in Lemna CN-did not completely inhibit ligHt-dependent 02 evolution (Fig. 1 IA) . Only additional application of SHAM gradually suppressed dark 02 uptake and light 02 evolution (Fig.  11, A and B) . Upon switching light on after application of SHAM (trace A), the 02 evolution was not increased by the amount of dark 02 consumption prior to addition of SHAM. This means that either CN-in2sensitive 2 uptake by the mitochondria is supprssed by light, or SHAM has an additional inhibitory effect also on photosynthesis.
DISCUSSION
The present results clearly show that in dark-incubated cotton cotyledons CN-is a useful tool to disciminate between the energy-dependeat and energy-independent component ofEm. Values obtained after application of anaerobiosis and those for the K+ distribution are in ageement with the CN-experi*nts. It is also shown by comparison of the CN-induced slower decay of Em with the faster initial decline of the ATP level (Table IV) the primary site of action of CN-must be the ATP production and not directly the plasmalemma. The same conclusion was drawn earlier for Neurospora (25) .
ATP Level and E,m. A comparison of the effect of CN on Em and on the ATP level shows the general dependence of Em on the ATP level, mainly from the similarity of their oscillations in light and dark. ATP changes were followed in time by very similar E. changes. However, the correlation between Em and ATP was not as strict as it was reported for Chara and red beet (14, 15, 17, 24 (Fig. 7) and Em to ED (Tables I and III) . As in cotton, in K daigremontiana CN-reduced Em to ED in the dark (Fig. 2, A and C (Figs. 8 and 10 ) not only in the dark but also in the light (8, 27) , and the tricarboxylic acid cycle provides carbon skeletons for synthetic reactions. It is reported from younger, growing green tissue that adenine nucleotides will shuttle from mitochondria to chloroplasts (J. J. Wiskich, cited as personal communication [8] ). Thus, the strong CN-effect on Em in young cotyledons in the light may be explained by CN-inhibition of mitochondrial energy transfer to the plasmalemma and perhaps also to the chloroplasts. In addition, PSII seems to be less effective in young than in older tissue, and hence less capable of maintaining Em in the absence of respiration. Figure 1 , C and F, shows that N2 in the dark suppressed the total energy-dependent portion of Em in cotton. In young tissue transferred from N2 to air, the Em recovered much faster than in mature tissue, due to higher respiratory activity. In contrast, in N2, Em of young cotyledons responded very slowly to light in comparison to Em of mature cotyledons (Fig. 1, C and F) . This seems to indicate that the C02-dependent, ie. noncycic photophosphorylation, at least at low CO2 concentrations (Fig. IOA) (Fig. 6) . The stronger inhibition in this cotyledonary tissue can perhaps be explained by faster ATP consumption than production in some light-stimulated, ATP-requiring processes (4) . However, for an unequivocal explanation, more detailed experiments concerning the regulation of energy metabolism are required.
In mature coton cotyledons in the light, CN-did not completely inhibit 02 production, ATP, and Em levels. The same applied to Lemna. As shown in low-energy Lemna, where respiration is incapable of maintaininX the hyperpolarization of Em (Fig. 4, E and F), E,m in the light 1S only supported by noncyclic P511, as revealed by the clear effect of DCMU (Fig. 4E) . The same could be shown in cotton cotyledons inoculated with Xanthomonas malvacearum (21) . Consistently, in Lemna with high respiration rates as well as in healthy cotton cotyledons, DCMU had no effect on Em in the light (Table I) . Thus, cyclic photophosphorylation can be excluded as energy source for hyperpolarization of the plasmalemma in cotton and duckweed. The same conclusion was reported for Vallineria leaves (23) . Hence, the CN-effects of Em in the light may be due to only a partial CN-inhibition of the RuBP oxygenase.
Action of CN-+ SHAM. Not only in the dark were the residual CN-insensitive portions of respiration, ATP levels, and Em suppressed by SHAM, but also in the light, simultaneously with 02 evolution (Table I ; Fig. 11 ). The additional inhibition was slower than that exerted by CN-; SHAM alone had no immediate effect on Em, ATP leveL or photosynthetic 02 evolution. Hydroxamic acids have been found to inhibit peroxidases and lipoxygenases (see Palmer in 28). Therefore, SHAM may cause severe photooxidation in the chloroplasts, perhaps by poisoning the superoxide dismutase. The deleterious effect of CN-plus SHAM treatment became obvious in Lemna plants which, after prolonged incubation in continuous light, lost their capability to maintain even the diffusion potential (Table I) .
